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(67)  An ultrasonic processing system and an ultra-
sonic processing method for obtaining seams of pre-
ferred finish. An ultrasonic processing system (50) adapt-
ed to subject a web (31) running in a machine direction
(MD) to ultrasonic processing includes a first mechanical
element defined by one of an ultrasonic horn (67) and an
anvil and a second mechanical element defined by a re-
mainder. The web (31) placed on an outer peripheral
surface (63) of a rotary drum (62) moves conforming to
the drum (62) in a machine direction (MD). The first me-
chanical elementis provided on the inner side of the drum
(62) and the second mechanical element is provided on
the outer side of the drum (62). The first and second
mechanical elements repeat a step of forward movement
and a step of backward movement in a direction inter-
secting the machine direction (MD) across the web (31).
In both steps, the first and second mechanical elements
come in close contact with each other by the intermediary
of the web (31) and thereby subject the web (31) to the
ultrasonic processing.
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Description
{Technical Field}

[0001] The present invention relates to systems and
methods for subjecting a web continuously running in a
machine direction to ultrasonic processing.

{Background}

[0002] Apparatuses are known which are adapted to
feed a nonwoven fabric containing a thermoplastic syn-
thetic resin or a film formed of a thermoplastic synthetic
resin in the form of a web in a machine direction and to
subject the web to ultrasonic processing in the course of
running.

[0003] Forexample, an ultrasonic apparatus disclosed
in the Patent Literature 1 includes an ultrasonic horn ap-
plied with ultrasonic oscillation and a hold-down roller
cooperating with the ultrasonic horn. The ultrasonic horn
rotates around its rotation axis perpendicular to a sheet-
like material to be processed and the hold-down roller
rotates around its rotation axis extending in parallel to
the sheet-like material to be processed so that the ma-
terial may be subjected to the ultrasonic processing and
continuously welded.

[0004] Arotary seal system disclosed in the Patent Lit-
erature 2 includes a drum rotating in a direction in which
the material to be processed in the form of a web runs,
a first thermal energy application device attached to a
peripheral surface of the drum so as to extend in a direc-
tion crossing with the rotational direction of the drum and
a second thermal energy application device movably at-
tached to the drum so as to move in a direction crossing
with the rotational direction while the second thermal en-
ergy application device rotates together with the drum.
The material to be processed is disposed between the
first thermal energy application device and the second
thermal energy application device. During rotation of the
drum, the second thermal energy application device co-
operates with the first thermal energy application device
while the second thermal energy application device
moves in the cross direction to apply the material to be
processed with thermal energy and, upon completion of
the thermal energy application, the second thermal en-
ergy application device moves away from the first thermal
energy application device to its initial position. One of the
first and second thermal energy application devices is a
horn applied with ultrasonic oscillation and the other is
an anvil.

{Citation List}
{Patent Literature}
[0005]

{PTL 1}: J P S58-39836 A

10

15

20

25

30

35

40

45

50

55

{PTL2}: JP H10-513128 A
{Summary}
{Technical Problem}

[0006] Inthe apparatus disclosed in PTL 1, each ultra-
sonic processed portions formed on the web extends in
parallel to the machine direction and whereby sealing
portions extending in the direction crossing with the ma-
chine direction cannot be formed.

[0007] In the rotary seal system disclosed in PTL 2, it
is possible to form the web running in the machine direc-
tion with ultrasonic processed portions in the form of seal-
ing portions extending in the direction crossing with the
machine direction. However, in this rotary seal system,
the first thermal energy application device is secured to
the drum. In addition, the material to be processed is in
a stationary state relative to the first thermal energy ap-
plication device, in other words, in a stationary state rel-
ative to the rotary drum when it is applied with the first
thermal energy. For the first thermal energy application
device used in this manner, there is a likelihood that,
during its repeated use, small agglomerations of the ther-
moplastic synthetic resin constituting the processed ma-
terial molten under the effect of ultrasonic oscillation
might cling to the first thermal energy application device
and such small agglomerations eventually might grow to
large agglomerations. If such small or large agglomera-
tions move into a gap between the first and second en-
ergy application devices, such agglomerations will hinder
these two energy application devices from applying the
material to be processed with the thermal energy con-
sistently from beginning to end and whereby obtaining
sealing portions of desired finishing might be difficult
and/or eventually the wearer’s skin might be uncomfort-
ably irritated.

[0008] An object of the present invention is to provide
a system and a method for subjecting a web to ultrasonic
processing, which are adapted to overcome the afore-
mentioned problems.

{Solution to Problem}

[0009] The presentinvention includes a first aspect re-
lating to a system and a second aspect relating to a meth-
od.

[0010] The first aspect of the present invention relates
to an ultrasonic processing system, including first and
second mechanical elements configured to subjectaweb
continuously running in a machine direction to ultrasonic
processing, the first and second mechanical elements
facing each other across the web in a thickness direction
of the web.

[0011] In this ultrasonic processing system, the first
aspect of the present invention further includes the fol-
lowing features:
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the system includes an upstream side conveying
means and a downstream side conveying means for
continuously feeding the web in the machine direc-
tion;

a drum having an outer peripheral surface adapted
to rotate continuously at the same circumferential
velocity as a running velocity of the web and adapted
to support the web on the outer peripheral surface
is disposed between the upstream side conveying
means and the downstream side conveying means;
the outer peripheral surface is provided with an ul-
trasonic processing portion communicating with an
inner side as well as an outer side of the drum;

a first mechanical element configured to be repeti-
tively moved forward and backward in a direction
intersecting with the machine direction across the
web is disposed on the inner side of the ultrasonic
processing portion of the drum;

a second mechanical element configured to be re-
petitively moved forward and backward together with
the first mechanical element is disposed on the outer
side of the ultrasonic processing portion of the drum;
and

the first mechanical element and the second me-
chanical element cooperate with each other to sub-
ject the web positioned in the ultrasonic processing
portion to ultrasonic processing in the both steps of
moving forward and moving backward but respective
home positions of the first and second mechanical
elements are drawn apart from each other after com-
pletion of the ultrasonic processing in the two steps.

[0012] According to one embodiment of the first as-
pect, the first mechanical element is an ultrasonic horn
and the second mechanical element is an anvil.

[0013] According to another embodiment of the first
aspect, the first mechanical element is the anvil and the
second mechanical element is the ultrasonic horn.
[0014] According to even another embodiment of the
first aspect, the anvil is a roll adapted to rotate both in
directions of the forward movement and the backward
movement.

[0015] Accordingtostillanotherembodimentofthefirst
aspect, biasing means always acting to bias the first me-
chanical element and the second mechanical element to
come close to each other is disposed between the first
mechanical element and the second mechanical ele-
ment.

[0016] Accordingtoyetanotherembodimentofthe first
aspect, cam means are formed on the outer peripheral
surface so as to face the respective home positions to
which the first mechanical element and the second me-
chanical element return after the step of forward move-
ment and the step of backward movement, respectively,
and the second mechanical element is formed with cam
follower means associated with the cam means so that
these two means cooperate with each otherto draw apart
the second mechanical elementfrom the first mechanical
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element against the biasing effect of the biasing means.
[0017] According to further another embodiment of the
first aspect, the anvil includes a roll adapted to rotate
both in the directions of the forward movement and of
the backward movement; the roll has a peripheral surface
facing the horn; the peripheral surface is formed with a
plurality of bosses arranged with certain intervals both in
a circumferential direction and in an axial direction so as
to form a plurality of rows extending in parallel to each
other and diagonally intersecting with the axial direction,
wherein

each pair of the adjacent bosses in each of the rows is
in such a relationship that, assuming that one boss of
adjacent bosses in each of the rows is moved in parallel
to the axial direction, the one boss overlaps with a re-
maining boss, and

each pair of the adjacent rows is in such a relationship
that, assuming thatone boss disposed at one end portion
of one of the adjacent rows is moved in parallel to the
axial direction, the one boss at least partially overlaps
with at least one boss in a remaining row.

[0018] The second aspect of the present invention re-
lates to a method for subjecting a web continuously run-
ning in the machine direction to repetitive ultrasonic
processing by a first mechanical element and a second
mechanical element facing each other across the web in
its thickness direction of the web.

[0019] In this method, the second aspect further in-
cludes the following features:

the web is continuously conveyed in the machine
direction and placed on an outer peripheral surface
of a drum adapted to be continuously rotated in the
machine direction at a same circumferential velocity
as a running velocity of the web;

the first mechanical element provided on the inside
of the drum in an ultrasonic processing portion
formed in the outer peripheral surface so as to com-
municate with both the inside and the outside of the
drum and repeating forward movement and back-
ward movement in a direction intersecting the ma-
chine direction across the web and the second me-
chanical element provided on the outside of the drum
in the ultrasonic processing portion and repeating
forward movement and backward movementtogeth-
er with the first mechanical element are used; and
the first mechanical element and the second me-
chanical element cooperate with each other in steps
of forward movement and backward movement to
subject the web positioned at the ultrasonic process-
ing portion to ultrasonic processing but respective
home positions of the first and second mechanical
elements are drawn apart from each other after com-
pletion of the ultrasonic processing in the two steps.

[0020] Accordingto one embodimentof the second as-
pect, the first mechanical element is an ultrasonic horn
and the second mechanical element is an anvil.
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[0021] According to another embodiment of the sec-
ond aspect, the first mechanical element is the anvil and
the second mechanical element is the ultrasonic horn.
[0022] According to even another embodiment of the
second aspect, as the anvil, a roll adapted to rotate both
in directions of the forward movement and of the back-
ward movement is used.

[0023] According to still another embodiment of the
second aspect, biasing means always acting to bias the
first mechanical element and the second mechanical el-
ement to come close to each other is disposed between
the first mechanical element and the second mechanical
element.

[0024] According to yet another embodiment of the
second aspect, cam means are formed on the outer pe-
ripheral surface so as to face the respective home posi-
tions to which the first mechanical element and the sec-
ond mechanical element return after the step of forward
movement and the step of backward movement, respec-
tively, and the second mechanical element is formed with
cam follower means associated with the cam means so
that these two means cooperate with each other to draw
apart the second mechanical element from the first me-
chanical element against the biasing effect of the biasing
means.

[0025] According to further another embodiment of the
second aspect, the anvil includes a roll adapted to rotate
both in the directions of the forward movement and of
the backward movement; the roll has a peripheral surface
facing the horn; the peripheral surface is formed with a
plurality of bosses arranged with certain intervals both in
a circumferential direction and in an axial direction so as
to form a plurality of rows extending in parallel to each
other and diagonally intersecting with the axial direction,
wherein

each pair of the adjacent bosses in each of the rows is
in such a relationship that, assuming that one boss of
adjacent bosses in each of the rows is moved in parallel
to the axial direction, the one boss overlaps with a re-
maining boss, and each pair of the adjacent rows is in
such a relationship that, assuming that one boss dis-
posed at one end portion of one of the adjacent rows is
moved in parallel to the axial direction, the one boss at
least partially overlaps with at least one boss in a remain-
ing row.

{Advantageous Effects of Invention}

[0026] In the system and the method for ultrasonic
processing according to the present invention, the first
mechanical element defined by one of the ultrasonic horn
andthe anviland the second mechanical element defined
by a remainder repeat the forward movement and the
backward movementin the direction intersecting the ma-
chine direction across the web so that the web may be
ultrasonically processed in the course of these forward
and backward movements and whereby the web may be
easily and reliably formed with seams extending in the
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direction intersecting the machine direction. In addition,
even if small agglomerates of a thermoplastic synthetic
resin developed during the ultrasonic processing cling to
the horn and/or the anvil, these small agglomerates can
be removed by the horn and/or anvil moving so as to rub
the web. In this way, these small agglomerates should
not interfere with the ultrasonic processing.

{Brief Description of Drawings}
[0027]

{Fig. 1} Fig. 1 is a partially cutaway perspective view
of a disposable diaper.

{Fig. 2} Fig .2 (a) is a diagram illustrating a series of
disposable diapers before cutting into the individual
diaper illustrated in Fig. 1, and Fig. 2(b) is a diagram
illustrating a web used to make the series of diapers.
{Fig. 3} Fig. 3 is a partially cutaway elevation view
of an ultrasonic processing system as viewed from
an end side of a rotary shaft.

{Fig. 4} Fig. 4 is a partially omitted side view of the
ultrasonic processing system of Fig. 3.

{Fig. 5} Fig. 5 is a sectional view taken along line V-
V in Fig. 3.

{Fig. 6} Fig. 6 is a perspective view of an ultrasonic
processing unit.

{Fig. 7} Fig. 7 is a perspective view of the ultrasonic
processing unit.

{Fig. 8} Fig. 8 is a schematic diagram of a ultrasonic
processing apparatus to illustrate a flow of web.
{Fig. 9} Fig. 9 is a scale-enlarged diagram illustrating
portion 1X in Fig. 4.

{Fig. 10} Fig. 10 is a scale-enlarged diagram illus-
trating portion X in Fig. 8.

{Fig. 11} Fig. 11 (a) and Fig. 11 (b) are diagrams
exemplifying distribution patterns of bosses.

{Description of Embodiments}

[0028] Details of a ultrasonic processing system and
a method of ultrasonic processing according to the
present invention will be described hereunder with refer-
ence to the accompanying drawings.

[0029] Fig. 1is a partially cutaway perspective view of
a disposable pants-type diaper 1 made with the use of
an ultrasonic processing system 50 to be hereinafter de-
scribed. The diaper 1 has a front waist region 2, a rear
waist region 3 and a crotch region 4 wherein respective
opposite lateral edges 6, 7 of the front waist region 2 and
the rear waist region 3 are put flat and joined together at
apair of series of seams 8 and thereupon a waist-opening
11 and a pair of leg-openings 12 are formed. Along pe-
ripheries of the waist-opening 11 and the leg-openings
12 elastics 13a, 13b are secured thereto in a stretched
or unstretched state. In the front waist region 2, the rear
waist region 3 and the crotch region 4, an inner sheet 13
adapted to be putin contact with a wearer’s skin is formed
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of a liquid-permeable nonwoven fabric of thermoplastic
synthetic fibers and an outer sheet 14 adapted to be put
in contact with the wearer's garment and formed of a
laminated sheet composed of a liquid-impermeable film
of a thermoplastic synthetic resin and a nonwoven fabric
of thermoplastic synthetic fibers and joined to an outer
surface of the film. The diaper 1 includes an absorbent
structure 15 between the inner and outer sheets 13, 14.
[0030] The seams 8 in such a diaper 1 are formed by
overlapping the opposite lateral edges 6 of the front waist
region 2 and the opposite lateral edges 7 of the rear waist
region 3 together and processing them with the ultrasonic
processing system 50 to be described later in more de-
tails, in other words, by overlapping the inner and outer
sheets 13, 14 defining the front waist region 2 and the
inner sheet 13 and the outer sheet 14 defining the rear
waist region 3 together and processing them with the use
of the ultrasonic processing system 50.

[0031] Fig.2(a)is apartial perspective view illustrating
a series of diapers 21 including a plurality of the diapers
1 each illustrated in Fig. 1 contiguously arranged in a
width direction and Fig. 2 (b) is a partial perspective view
illustrating a web 31 used to make the series of diapers
21 of the diapers 1.

[0032] In the series of diapers 21, a plurality of prede-
termined cutting lines 22 extending in the longitudinal
direction are arranged at regular intervals in the trans-
verse direction. On both sides of the respective cutting
lines 22, the seams 8 illustrated in Fig. 1 are formed to
be adjacent to each other. The diaper 1 illustrated in Fig.
1 can be obtained by cutting such series of diapers 21
along the predetermined cutting lines 22. In Fig. 2 (b),
the series of diapers 21 is still in a state of the web 31
having none of the seams 8 and only the predetermined
cutting lines 22 are illustrated. Such web 31 may be sub-
jected to ultrasonic processing with the ultrasonic
processing system 50 to form the seams 8, thereby ob-
taining the series of diapers 21 as illustrated in Fig. 2 (a).
[0033] Fig. 3 is a partially cutaway elevation view of
the ultrasonic processing system 50 as viewed from an
end side of a rotary shaft 61, applying ultrasonic process-
ing to the web 31 illustrated in Fig. 2 (b), thereby obtaining
the series of diapers 21 illustrated in Fig. 2 (a), wherein
MD indicates a machine direction in which the web 31
runs and RD indicates a rotational direction of a rotary
drum 62. The ultrasonic processing system 50 includes
a pair of first conveying rolls 51 disposed upstream in the
machine direction MD as a conveying means, a pair of
second conveying rollers 52 disposed downstream in the
machine direction MD also as a conveying means and
an ultrasonic processing machine 53 disposed between
the first and second conveying rollers 51, 52. The web
31 continuously runs from the first conveying roll 51 to
the second conveying roll 52 in the machine direction MD
and, in the course of running, passes through a ultrasonic
processing apparatus 53. The rotary drum 62 is disposed
with a face plate 62a illustrated as being partially broken
away which is unrotatable relative to the rotary shaft 61.
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[0034] The processing apparatus 53 includesthe drum
62 rotating together with the rotary shaft 61 in the direc-
tion RD and the four ultrasonic processing units (ultra-
sonic processing units) 65 separately prepared and ar-
ranged at regular intervals circumferentially of the drum
62 and adapted torotate in the direction RD together with
the rotary shaft 61. In Fig. 3, these four ultrasonic
processing units 65 are designated by reference numer-
als 65a, 65b, 65c and 65d. The web 31 having passed
the first conveying roll 51 is guided by a guide roller 51a
to come in close contact with an outer peripheral surface
63 of the drum 62. In the ultrasonic processing machine
53, a running velocity of the web 31 in the machine di-
rection MD and a peripheral velocity of the outer periph-
eral surface 63 of the drum 62 are preset to be coincident
with each other and the outer peripheral surface 63 is
previously surface finished or coating finished to prevent
from slipping thereon the web 31. Four ultrasonic
processing units 65a - 65d generically designated by ul-
trasonic processing units 65 have uniform constructions
including, in addition to carriers 66, ultrasonic horns 67
as first mechanical elements in the present invention and
anvils 68 as second mechanicals illustrated in Fig. 3.
[0035] Fig. 4 is a right side elevational view of the ul-
trasonic processing apparatus 53 of Fig. 3, wherein the
web 31 is indicated by an imaginary line and the ultra-
sonic processing unit 65b is not shown. In Fig. 4, the
ultrasonic processing apparatus 53 includes a stationary
cylinder 71 secured by the intermediary of a flange 71a
to a wall 32 illustrated by an imaginary line on the right
hand of Fig. 4 and the rotary shaft 61. The rotary shaft
61 horizontally extends through the stationary cylinder
71 and provided on its right end with an input pulley 72
andonits left end with an ultrasonic electric signal feeding
slip ring 73 housed within a protecting casing 73a indi-
cated by an imaginary line. In this regard, both the slip
ring 73 and the casing 73a are not shown in Fig. 3. The
stationary cylinder 71 is formed on its peripheral surface
with arib-like firstcam 71 b protruding from the peripheral
surface. The rotary shaft 61 having a central axis illus-
trated by an imaginary line C is rotated by an input main
belt (not shown) which is put on the main pulley 72. In
addition to the drum 62, a column 75 (See Fig. 3) is se-
cured to the rotary shaft 61 inside the drum 62 and this
column 75 also rotates together with the rotary shaft 61
in the direction RD. The column 75 is provided with the
carrier 66 attached thereto so that the carrier 66 may be
moved back-and-forth in a direction A indicated by a dou-
ble-headed arrow which is parallel to the rotary shaft 61.
In the ultrasonic processing apparatus 53, of the back-
and-forth movement in the direction A, a movement from
the main pulley 72 toward the drum 62 is a forward move-
ment and a movement from the drum 62 toward the main
pulley 72 is a backward movement. The main pulley 72
is provided with a rotary connector 72¢ adapted to feed
respective air cylinders 83 disposed on right ends of the
respective ultrasonic processing units 65a - 65d with
compressed air.
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[0036] The outercircumferential surface 63 of the drum
62 is partially cut away to form an ultrasonic processing
portion 74 in communication with the inside and the out-
side of the drum 62. The processing portion 74 extends
in parallel to the rotary shaft 61 and one end thereof is
opened toward the outside of the drum 62. Specifically,
such processing portion 74 is formed in association with
each of the ultrasonic processing units 65a, 65b, 65¢ and
65d and, in each of the processing portion 74, the horn
67 is opposed to the associated anvil 68. Slidable move-
ment of the carrier 66 on a slide rail 77 in the column 75
causes each of the ultrasonic processing units 65a - 65d
to advance leftward or to retract rightward in the direction
A. In Fig. 4, the ultrasonic processing unit 65a is illustrat-
ed to be at its rearmost position and the ultrasonic
processing unit 65c is illustrated to be at its foremost
position. In Fig. 3, the ultrasonic processing units 65b,
65d are illustrated to be disposed between their rearmost
positions and foremost positions. Each of the ultrasonic
processing units 65a - 65d makes a shuttle between its
rearmost position and foremost position for every rotation
of the drum 62 in the direction RD. Details of the back-
and-forth movement of these ultrasonic processing units
65a - 65d will be described below.

[0037] Fig.5is a partial sectional view taken along line
V-V in Fig. 3, wherein the drum 62 has been detached
from the rotary shaft 61 and only the outer peripheral
surface 63 is illustrated by an imaginary line. For con-
venience of illustration, hatchingis omitted in the cutaway
portion. The column 75 provided within the drum 62 has
a substantially quadrate cross-sectional shape taken in
a direction orthogonal to the rotary shaft 61 so that a
surrounding surface 76 of the column 75 includes periph-
eral surfaces 76a, 76b, 76c, 76d corresponding to the
ultrasonic processing units 65a - 65d, respectively (See
Fig. 3 also). Each of the peripheral surfaces 76a - 76d
includes a pair of slide rails 77 extending in parallel to
the rotary shaft 61. Each of the ultrasonic processing
units 65a - 65d includes the carrier 66 and the horn 67
and the anvil 68 both attached to the carrier 66. The car-
rier 66 has a plate segment 66a provided with a slider 69
adapted to move back-and-forth along the slide rail 77 in
the direction A. The horn 67 has a flat working surface
67a facing a peripheral surface 68a of the roll-like anvil
68, a booster 67¢ (See Fig. 3) contiguous to the working
surface 67a and a converter 67b electrically connected
to the ultrasonic electric signal feeding slip ring 73 (See
Fig. 4) wherein a portion disposed between the working
surface 67a and the converter 67b is supported by the
carrier 66. The working surface 67a is positioned on the
peripheral surface 63 on the assumption that none of the
ultrasonic processing portions 74 is present on the pe-
ripheral surface 63 of the drum 62 and always ultrason-
ically oscillates in response to signals applied from the
slip ring 73 so long as the ultrasonic processing appara-
tusisin operation. The anvil 68 is attached to a front shaft
66d and rotates together with the front shaft 66d under
the action of aninner drive belt 106 (See Fig. 6). Between
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the working surface 67a of the horn 67 and the peripheral
surface 68a of the anvil 68, the web 31 is running over
the portion 74 of the drum 62 so that the ultrasonically
oscillating working surface 67a of the horn 67 and the
peripheral surface 68a of the anvil 68 interleave the web
31 in the thickness direction and cooperate with each
other to subject the web 31 to the ultrasonic processing.
[0038] Referring again to Fig. 5, the stationary cylinder
71 extending forward from the wall 32 is formed on its
peripheral surface with arib-like first cam 71 b and a first
cam follower 82 in the carrier 66 for each of the ultrasonic
processing units 65a - 65d moves conforming to the first
cam 71 b and causes each of the carriers 66 to move
back-and-forth in the direction A. The column 75 is se-
cured to the rotary shaft 61 extending through the sta-
tionary cylinder 71 so that the column 75 may rotate to-
gether with the rotary shaft 61. The respective peripheral
surfaces 76a - 76d are provided with the slide rails 77
and the respective carriers 66 in the ultrasonic process-
ing units 65a - 65d are placed on the associated slide
rails 77 by the intermediary of the sliders 69. The carriers
66 are respectively attached to the associated slide rails
77 in such a manner that the carriers 66 should not be
detached from the associated slide rails 77 during a ro-
tation of the drum 62 and the column 75 in the direction
RD (See Fig. 5). The foremost position and the rearmost
position of the respective carriers 66 for the back-and-
forth movement of these carriers 66 are regulated by the
first cam 71 b. In association with a full revolution of the
column 75, for example, the ultrasonic processing unit
65a also rotates in the direction RD and, in the course of
a full revolution thereof, the ultrasonic processing unit
65a successively pursues the positions of the ultrasonic
processing units 65b, 65c, 65d before the ultrasonic
processing unit 65a returns to the position illustrated in
Fig. 3.

[0039] Figs. 6 and 7 are diagrams illustrating details of
the ultrasonic processing units 65 taking the ultrasonic
processing unit 65c as an example. Fig. 6 is a perspective
view illustrating the ultrasonic processing unit 65c as
viewed from the front side and Fig. 7 is a perspective
view illustrating the ultrasonic processing unit 65c as
viewed from the rear side. The carrier 66 has a pair of
supporting walls 66b above the plate segment 66a. Be-
tween a pair of supporting walls 66b, the ultrasonic
processing unit 65¢ includes a pair of lateral plates 66¢,
the rotatable front shaft 66d connecting the paired lateral
plates 66c¢, a rotatable intermediate shaft 66e and a con-
nector plate 66f. To the front shaft 66d, the anvil 68, a
roll-like second cam follower 100 and a first small pulley
101 are secured. To the intermediate shaft 66e, a second
small pulley 102 is secured. An inner side driving belt
106 is put on the first small pulley 101 and the second
small pulley 102. An upper end of a rod 83a of the air
cylinder 83 is attached to the connector plate 66f. The
intermediate shaft 66e extends outward through one of
the paired supporting walls 66b and a third small pulley
103 is secured to this extension portion of the interme-
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diate shaft 66e and, behind the third small pulley 103, a
rotatable rear shaft 66g extends outward through one of
the paired supporting walls 66b and a fourth small pulley
104 is secured to the rear shaft 66g. An outer position-
secured belt 107 is put on the third small pulley 103 and
the fourth small pulley 104. In the preferred ultrasonic
processing unit 65, as the first - fourth small pulleys 101
- 104, gear wheels are used and as the inner driving belt
106 and the outer position-secured belt 107, toothed
belts are used. Though not shown, the outer position-
secured belt 107 is provided on an appropriate region of
the column 75 in a stationary state relative to the carrier
66 adapted to move back-and-forth. In the ultrasonic
processing unit 65c¢ constructed in this manner, com-
pressed air is fed from the rotary connector 72c¢ in the
main pulley 72 and the rod 83a pushed upward the con-
nector plate 66f. Such movement of the rod 83a causes
a pair of the lateral plates 66c¢ to rotate about the inter-
mediate shaft 66e and always biases the anvil 68 to come
closer to the horn 67.

[0040] In the ultrasonic processing unit 65c¢ rotating in
the direction RD together with the rotary shaft 61, the first
cam follower 82 moves conforming to the configuration
of the first cam 71 b and whereby the ultrasonic process-
ing unit 65¢ moves back-and-forth in the direction A. Dur-
ing such back-and-forth movement of the ultrasonic
processing unit 65c¢, the third small pulley 103 and the
fourth small pulley 104 are engaged with the outer posi-
tion-secured belt 107, thereby being rotated. The rotation
of the third small pulley 103 causes the second small
pulley 102 to be rotated and whereby the inner driving
belt 106 is rotated and the first small pulley 101 also is
rotated. Rotation of the first small pulley 101 causes the
anvil 68 and the second cam follower 100 to be rotated.
Both the anvil 68 and the second cam follower 100 are
rotated in the direction of forward movement when the
ultrasonic processing unit 65¢ moves forward and the
anvil 68 and the second cam follower 100 are rotated in
the direction of backward movement when the ultrasonic
processing unit 65¢ moves backward.

[0041] Fig. 8 is a schematic diagram illustrating the ul-
trasonic processing system 50 in which the web 31
placed on the peripheral surface 63 of the drum are being
subjected to the ultrasonic processing under a coopera-
tion of the horn 67 and the anvil 68. For convenience of
illustration, the members which would otherwise interfere
with illustration of the web 31 placed on the drum 62 are
not shown in Fig. 8. Ultrasonic processing of the web 31
guided by the guide roll 51ato be placed on the peripheral
surface 63 is started when the ultrasonic processing unit
65 disposed on the position of the ultrasonic processing
unit 65c¢ in Fig. 3 begins to move forward and ultrasonic
processing of the web 31 guided by the guide roll 51 a
to be placed on the peripheral surface 63 is terminated
when the ultrasonic processing unit 65 disposed on the
position of the ultrasonic processing unit 65c in Fig. 3
has moved back to the initial position. Now the web 31
converted to the series of diapers 21 asillustrated in Fig.
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2 is conveyed out from the ultrasonic processing system
50 by the second conveying roll 52 serving as the con-
veying means for the series of diapers 21.

[0042] In the ultrasonic processing system 50, when
the web 31 running together with the drum 62 in the ma-
chinedirection MDis ultrasonically processed by the horn
67 and the anvil 68, the working surface 67a of the horn
67 slidably moves along the web 31 across the web 31
in the direction A. In consequence, even if the thermo-
plastic synthetic resin contained in the web 31 is molten
as a result of the ultrasonic processing, part of such a
molten thermoplastic synthetic resin forms small agglom-
erates having a length, for example, in a range of 2 to 5
mm and is transferred from the web 31 to the horn 67,
such small agglomerates wiped away by the web 31
when the horn 67 moves so as to rub the web 31 without
a possibility that the small agglomerates might stay be-
tween the horn 67 and the anvil 68 and interfere with the
ultrasonic processing. Such small agglomerates should
not cling to the individual diaper 1 obtained from a series
of diapers 21 and irritate the wearer’s skin.

[0043] Inthe ultrasonic processing system 50, the anvil
68 also moves across the web 31 while rotating so as to
rub the web 31 and, in consequence, the small agglom-
erates of the thermoplastic synthetic resin contained in
the web 31 should not cling to the anvil 68. To prevent
such small agglomerates of a thermoplastic synthetic
resin from clinging to the anvil 68, heating means or cool-
ing means may be used. For example, it is possible to
use the anvil 68 in a state heated at a temperature in a
range of 70 to 80 °C or higher or in a state cooled at a
temperature in a range of 0 to - 5 °C.

[0044] Fig. 9 is a scale-enlarged diagram illustrating
portion 1X in Fig. 4. In Fig. 4, the peripheral surface 63
of the drum 62 is provided with the second cam 152 and
the third cam 153. The second cam 152 defines an end
point for the forward movement of the carrier 66 and the
third cam 153 defines an end point for the backward
movement of the carrier 66. The front shaft 66d (See Fig.
7) of the carrier 66 is provided with the roll-like cam fol-
lower 100.

[0045] Referring to Fig. 9, a second cam 152 and a
third cam 153 are formed so that respective slope faces
152a, 153a thereof may be opposed to each other in the
direction A, i.e., in a back- and-forth direction of the ul-
trasonic processing system 50. The anvil 68 being always
biased downward under a pressure of the rod 83a of the
cylinder 83 indicated by an arrow Y in Fig. 9 so that the
anvil 68 may be put in close contact with the horn 67 by
the intermediary of the web 31. Both in the step of the
forward movement of the carrier 66 and in the step of the
backward movement of the carrier 66, the anvil 68 moves
forward and backward together with the horn 67 to sub-
ject the web 31 to the ultrasonic processing. In Fig. 9,
the anvil 68 working in this manner is indicated by an
imaginary line. In this regard, if the anvil 68 continues its
forward movement or backward movement beyond the
web 31 in these two steps even after the ultrasonic
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processing of the web 31 has been completed, the sec-
ond cam follower 100 having a diameter smaller than that
of the anvil 68 rolls up the slope face 152a of the second
cam 152 or rolls up the slope face 153a of the third cam
153 to move upward the front shaft 66d and the anvil 68
attached to this front shaft 66d as viewed in Fig. 9 against
a biasing effect of the cylinder 83 and thereby to separate
the anvil 68 off from the horn 67 in a diametric direction
of the drum 62. In this way, it is ensured that the anvil 68
is prevented from coming in contact directly as well as
indirectly with the horn 67 being ultrasonically oscillating.
In the case exemplified in Fig. 9, after the ultrasonic
processing in the step in which the anvil 68 indicated by
the imaginary line moves leftward has been terminated,
the second cam follower 100 rolls up the slope face 152a
of the second cam 152 to the position indicated by a solid
line.

[0046] In the ultrasonic processing system 50 in which
the anvil 60 moves in this manner, it is possible to avoid
a situation in which the ultrasonically oscillating horn 67
comes in direct contact with the anvil 68 on the outer side
of the web 31 in the direction A, namely, on the outer
side of the web 31 in its width direction or it is possible
to limit such situation to the minimum time period. There-
fore, it is possible to prevent the top surface 67 of the
horn 67 serving as the working surface and the working
surface 68a of the anvil 68 from being damaged due to
direct contact with each other. As a result, it is also pos-
sible in the ultrasonic processing system 50 to prevent
the region of the web 31 to be ultrasonically processed
from being soiled with metallic powder due to the contact
between the horn 67 and the anvil 68. Further, during
operation, the ultrasonic processing system 50 is in a
state in which the anvil 68 is indirect or direct contact with
the horn 67 or the anvil 68 is in close contact with the
second com 152 or the third cam 153 and therefore the
drum 62 can be rotated at a high velocity without notice-
ably oscillating.

[0047] In the ultrasonic processing system 50, posi-
tions of both the second cam 152 and the third cam 153
used in this manner on the peripheral surface 63 of the
drum 62 may be changed as occasion demands. For
example, the second cam 152 and the third cam 153 can
be brought closer to the web 31 in the direction A so that
the anvil 68 may begin to follow the second cam 152 or
the third cam 153 and whereby the horn 67 and the anvil
68 may be prevented from coming in contact with each
other immediately after the anvil 68 has moved across
the web 31. The first cam 71 b preferably has a shape
and a dimension which conform with locations of the sec-
ond cam 152 and/or the third cam 153.

[0048] In the ultrasonic processing system 50, it is un-
necessary to stop the ultrasonic oscillation of the horn
67 during such forward and backward movement of the
anvil 68 and therefore the diaper 1 can be produced at
a speed higher than the system in which the ultrasonic
oscillation must be turned on and off at short intervals.
[0049] Inaddition, inthe step of forward movementand
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in the step of backward movement, the horn 67 and the
anvil 68 cooperate with each othertorepeatthe ultrasonic
processing to the same portion of the web 31 which is in
the stationary state. In this way, the joint strength of the
seams 8 formed on the web 31 can be reliably improved.
[0050] Fig. 10 is a scale-enlarged diagram illustrating
portion X in Fig. 8. While portion X is an arcuate portion
of a peripheral surface 110 of the anvil 68, this portion X
is illustrated in Fig. 10 in a flatly developed state. The
peripheral surface 110 is formed with a plurality of cylin-
drical bosses 111 having the same shape arranged in a
circumferential direction as well as in an axial direction.
In Fig. 10, a part of the working surface 67a of the horn
67 is indicated by an imaginary line to proclaim that the
part of the working surface 67a has a dimension R to be
described later.

[0051] Referringto Fig. 10, each of the bosses 111 has
a flat top face 113. A dimension from the peripheral sur-
face 110tothetopface 113, i.e., a height of the protrusion
111 may be appropriately selected depending on the
thickness of the web 31. For example, the bosses 111
for manufacturing the disposable diaper 1 preferably
each have this dimension in a range of 0.5 to 5 mm. The
bosses 111 exemplified define rows arranged at regular
or substantially regular intervals so as to intersect ob-
liquely with an axis line E-E of the front shaft 66d and
each of the rows has a dimension L in a direction parallel
to the axis line E-E. For example, in the row 112a, as-
suming that one (for example, 111 a) of the adjacent
bosses 111a and 111b is moved in parallel to the axis
line E-E, this protrusion 111a will at least partially overlap
the adjacent protrusion (111b). Such relationship is main-
tained also on the arcuate peripheral surface 110. With
use of the anvil 68 having the bosses 111 which form
such rows 112 for the ultrasonic processing, it is ensured
that the flat top faces 113 of the bosses 111 and the flat
working surfaces 67a of the horn 67 are always kept in
close contact with each other across the web 31. In this
way, itis assured to avoid a problem that the flat working
surface 67a of the horn 67 might be repetitively pressed
against only the peripheries of the top face 113 of the
protrusion 111 and the pressure might be repetitively
concentrated on restricted regions, resulting in deterio-
rating the desired flat and smooth properties of the work-
ing surface 67a. In this regard, the dimension R of the
working surface 67a of the horn 67 indicated in Fig. 10
is the dimension in the axial direction of the anvil 68 and
set to be larger than the dimension L of the row 112 in
the anvil 68.

[0052] Referring again to Fig. 10, rubber threads 120
attached under tension or under no tension to the web
31 (See Fig. 2) formed, for example, of thermoplastic
synthetic fibers are indicated by imaginary lines. The rub-
ber threads 120 are attached by means, for example, of
hot melt adhesive (not shown) to the web 31 and recti-
linearly extend in the machine direction MD which is par-
allel to the axis line E-E. These rubber threads have a
dimension in a cross direction CD being orthogonal to
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the machine direction MD. While an upper limit value of
the dimension D of the protrusion 111 in the cross direc-
tion CD is constrained to a value slightly larger than the
dimension W, in each of the more preferred bosses, the
dimension D is equal to the dimension W or smaller than
the dimension W. The upper limit of the dimension D
corresponds to the dimension of the rubber threads 120
in the cross direction CD when the rubber threads have
been deformed as a result of close contact between the
horn 67 and the anvil 68 across the web 31. Such corre-
lation between the dimension D and the dimension W
ensures that the bosses 111 do get across the rubber
threads in the cross direction CD even when the rubber
threads 120 are compressed between the bosses 111
and the horn 67, in other words, the bosses 111 only
partially compress the rubber threads 120. Consequent-
ly, a possibility that the rubber threads 120 might be cut
in the step of the ultrasonic processing of the web 31 can
be avoided or substantially avoided. Furthermore, the
rubber threads can be reliably pressure-bonded to the
web 31 under the working of the bosses 111. As will be
apparent from Fig. 10, the rows 112 of the bosses 111
are arranged so that the rubber threads 120 may be sure-
ly pressed by any one or more of the bosses 111 when
the rows 112 of the bosses 111 intersect with the rubber
threads 120 extending in parallel to axis line E-E. In this
regard, the cross direction CD in Fig. 10 corresponds to
the direction A in Fig. 8.

[0053] Fig. 11 (a) and (b) exemplarily illustrate a dis-
tribution pattern of the bosses 111 on the anvil 68. In Fig.
11 (a), the bosses 111 form the rows similar to the bosses
111 in Fig. 10. However, none of the bosses 111 is
present on an intersection 121 between a central line F-
F bisecting a width of the anvil 68, namely, a dimension
of the anvil 68 in parallel to the axial line E-E and the row
112 and in the vicinity of this intersection 121. If the anvil
68 illustrated in Fig. 11 (a) is used to treat the web 31
illustrated in Fig. 2 (b) and center line F-F is aligned with
the predetermined cutting line 22 of the web 31, each
pair of seams 8 adjacent to each other across the pre-
determined cutting line 22 can be formed with use of a
plurality of bosses 111. The sheet materials 13, 14 illus-
trated in Fig. 1 which overlap each other are not joined
to each other between each pair of the adjacent seams
8and a region defined by the predetermined cutting line
will be kept in a flexible and comfortable texture.

[0054] InFig. 11 (b),the bosses 111 are arranged sym-
metrically about center line F-F. On the left side of center
line F-F, the bosses 111 form the rows 112 having gra-
dient from bottom left to top right relative to axial line E-
E and on the right side of center line F-F, the bosses 111
form the rows 112g having gradient from bottom right to
top left relative to axial line E-E. An arrangement of the
bosses 111 in each row and an arrangement of the boss-
es 111 between each pair of the adjacent rows are similar
to those in Fig. 10.

[0055] While the bosses 111 on the anvil 68 according
to the present invention may be arranged in the pattern
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as exemplified, the present invention is not limited to the
arrangement as exemplified. For example, it is possible
to distribute the bosses 111 in an irregular pattern. The
shape of the top face 113 of the protrusion 111 is also
not limited to the exemplified shape but freely selected.
[0056] In the ultrasonic processing system 50 having
been exemplified and described, the anvil 68 as the sec-
ond mechanical element disposed on the outside of the
drum 62 is biased to move closer to the web 31. In this
regard, when the ultrasonic processing system 50 is
caused to stop operation, the cylinder 83 may be actuated
to draw apart the anvil 68 from the web 31. While the
ultrasonic processing system 50 exemplified and de-
scribed is used for the purpose of welding the web 31,
the ultrasonic processing system may be also used for
the purpose of partially cutting the web 31 and welding
the web 31 along a periphery of the cut region.

[0057] Itis also possible to implement the present in-
vention in such a manner that the horn 67 defines the
second mechanical element disposed on the outside of
the drum 62 and the anvil 68 defines the first mechanical
element disposed on the inside of the drum 62.

{Reference Signs List}

[0058]

31 web

50 ultrasonic processing system

51 conveying means (conveying rolls)
52 conveying means (conveying rolls)
61 central axis

62 drum

63 outer peripheral surface

67 first mechanical element (horn)
67a working surface

68 second mechanical element (anvil)
74 processing portions

83,83a biasing means

100 cam follower means (second cam follower)
110 peripheral surface

111 bosses

112 rows

152 cam means (second cam)

153 cam means (third cam)

Cc2 axis (center line)

E-E axial direction (axis line)

MD machine direction

Claims

1. An ultrasonic processing system, including first and
second mechanical elements configured to subject
a web continuously running in a machine direction
to ultrasonic processing, the first and second me-
chanical elements face each other across the web
in a thickness direction of the web, wherein:
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the ultrasonic processing system further in-
cludes an upstream side conveying means and
a downstream side conveying means for contin-
uously feeding the web in the machine direction;
a drum having an outer peripheral surface
adapted to rotate continuously at the same cir-
cumferential velocity as a running velocity of the
web and adapted to supportthe web on the outer
peripheral surface is disposed between the up-
stream side conveying means and the down-
stream side conveying means;

the outer peripheral surface is provided with a
ultrasonic processing portion communicating
with an inner side as well as an outer side of the
drum;

the first mechanical element configured to be
repetitively moved forward and backward in a
direction intersecting with the machine direction
across the web is disposed on the inner side of
the ultrasonic processing portion of the drum;
the second mechanical element configured to
be repetitively moved forward and backward to-
gether with the first mechanical element is dis-
posed on the outer side of the ultrasonic
processing portion of the drum; and

the firstmechanical element and the second me-
chanical element cooperate with each other to
subject the web positioned in the ultrasonic
processing portion to ultrasonic processing in
the both steps of moving forward and moving
backward but respective home positions of the
firstand second mechanical elements are drawn
apart from each other after completion of the
ultrasonic processing in the two steps.

The system according to claim 1, wherein the first
mechanical element is an ultrasonic horn and the
second mechanical element is an anvil.

The system according to claim 1, wherein the first
mechanical element is the anvil and the second me-
chanical element is the ultrasonic horn.

The system according to claim 2 or 3, wherein the
anvil is a roll adapted to rotate both in a direction of
the forward movement and of the backward move-
ment.

The system according to any one of claims 1 through
4, wherein biasing means always acting to bias the
firstmechanical element and the second mechanical
element to come close to each other is disposed be-
tween the first mechanical element and the second
mechanical element.

The system according to claim 5, wherein:

cam means are formed on the outer peripheral
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10

surface so as to face the respective home posi-
tions to which the first mechanical element and
the second mechanical element return after the
step of forward movement and the step of back-
ward movement, respectively; and

the second mechanical element is formed with
cam follower means associated with the cam
means so that these two means cooperate with
each other to draw apart the second mechanical
element from the first mechanical element
against the biasing effect of the biasing means.

The system according to any one of claims 2 through
6, wherein: the anvil includes a roll adapted to rotate
both in the directions of the forward movement and
of the backward movement;

the roll has a peripheral surface facing the horn;
the peripheral surface is formed with a plurality of
bosses arranged with certain intervals both in a cir-
cumferential direction and in an axial direction so as
to form a plurality of rows extending in parallel to
each other and diagonally intersecting with the axial
direction, wherein

each pair of the adjacent bosses in each of the rows
isin such arelationship that, assuming that one boss
of adjacent bosses in each of the rows is moved in
parallel to the axial direction, the one boss overlaps
with a remaining boss, and

each pair of the adjacent rows is in such a relation-
ship that, assuming that one boss disposed at one
end portion of one of the adjacent rows is moved in
parallel to the axial direction, the one boss at least
partially overlaps with at least one boss in a remain-
ing row.

A method for subjecting a web continuously running
in a machine direction to repetitive ultrasonic
processing by a first mechanical element and a sec-
ond mechanical element facing each other across
the web in its thickness direction of the web, wherein:

the web is continuously conveyed in the ma-
chine direction and placed on an outer periph-
eral surface of a drum adapted to be continu-
ously rotated in the machine direction at the
same circumferential velocity as a running ve-
locity of the web;

the first mechanical element provided on the in-
side of the drum in an ultrasonic processing por-
tion formed in the outer peripheral surface so as
to communicate with both the inside and the out-
side of the drum and repeating forward move-
ment and backward movement in a direction in-
tersecting the machine direction across the web
and the second mechanical element provided
on the outside of the drum in the ultrasonic
processing portion and repeating forward move-
ment and backward movement together with the
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first mechanical element are used; and

the firstmechanical element and the second me-
chanical element cooperate with each other in
the steps of forward movement and backward
movement to subject the web positioned at the
ultrasonic processing portion to ultrasonic
processing but respective home positions of the
firstand second mechanical elements are drawn
apart from each other after completion of the
ultrasonic processing in the two steps.

The method according to claim 8, wherein the first
mechanical element is an ultrasonic horn and the
second mechanical element is an anvil.

The method according to claim 8, wherein the first
mechanical element is the anvil and the second me-
chanical element is the ultrasonic horn.

The method according to any one of claims 8 through
10, wherein as the anvil, a roll adapted to rotate both
in directions of the forward movement and of the
backward movement is used.

The method according to any one of claims 8 through
11, wherein biasing means always acting to bias the
firstmechanical element and the second mechanical
element to come close to each other is disposed be-
tween the first mechanical element and the second
mechanical element.

The method according to any one of claims 12,
wherein:

cam means are formed on the outer peripheral
surface so as to face the respective home posi-
tions to which the first mechanical element and
the second mechanical element return after the
step of forward movement and the step of back-
ward movement, respectively; and

the second mechanical element is formed with
cam follower means associated with the cam
means so that these two means cooperate with
each other to draw apart the second mechanical
element from the first mechanical element
against the biasing effect of the biasing means.

14. The method according to any one of any one of

claims 9 through 13, wherein:

the anvil includes a roll adapted to rotate both
in the directions of the forward movement and
of the backward movement;

the roll has a peripheral surface facing the horn;
the peripheral surface is formed with a plurality
of bosses arranged with certain intervals both in
a circumferential direction and in an axial direc-
tion so as to form a plurality of rows extending
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in parallel to each other and diagonally intersect-
ing with the axial direction, wherein

each pair of the adjacent bosses in each of the
rows is in such a relationship that, assuming that
one boss of adjacent bosses in each of the rows
is moved in parallel to the axial direction , the
one boss overlaps with a remaining boss, and
each pair of the adjacent rows is in such a rela-
tionship that, assuming that one boss disposed
at one end portion of one of the adjacent rows
is moved in parallel to the axial direction, the one
boss at least partially overlaps with at least one
boss in a remaining row.
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